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PR primary Raynauds
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Summary

Neutrophil activation following exposure to particulate matter or
inflammatory mediators is accompanied by a marked increase in oxidative
metabolism and the generation of superoxide and hydrogen peroxide.
This thesis has looked at f.he oxidative response of neutrophils exposed
to FMLP (a synthetic bacterial peptide) aggregated IgG (to represent
immune complexes) and PMA (an experimental ligand which bipasses the
cell surface). The inhibitory effects of diphenylene iodonium confirmed
that all basal and stimulated Hy;O, was derived from NADPH-oxidase.
The molecular mechanisms of NADPH oxidase activation were
investigated using two groups of pharmacological agents. Inhibitors of
the phospholipase A, enzyme reduced basal 'and FMLP stimulated HyO,
production but were relatively ineffective against HpO, stimulated by
PMA and aggregated IgG. Inhibitors of PLA, however, were ineffective
at inhibiting the neutrophil chemotactic response to FMLP., Thus, it
appears that the molecular mechanisms of neutrophil activation vary
not only with the stimulus employed but also with the nature of the

ultimate response.

Agents which activate adenylate cyclase and raise intracellular cAMP
were also found to inhibit neutrophil H209 production.  Their effects
were dependent upon a synergism between the small cAMP response
produced during neutrophil stimulation and that produced by the classical
stimulants of adenylate cyclase - the overall result being to convert an

apparently innocuous rise in cAMP to one that inhibits neutrophil activity.



Finally, the oxidative metabolism of neutrophils from patients with
connective tissue disease were compared with healthy control subjects.
Elevated basal Hy;O, production was found in patients with systemic
sclerosis, systemic lupus erythematosus, mixed connective tissue disease
and primary Raynaud's disease. @ For each group the trends in basal
HpO2 production were paralleled by the degree of microvascular injury
as assessed by serum factor VIII Rag levels. It is therefore interesting
to speculate that neutrophil derived oxidants may contribute to the

vascular pathology of connective tissue disease.



CHAPTER 1

Introduction

The neutrophil leukocyte is a principal effector cell of inflammation.
However considerable argument exists as to whether the neutrophil is a
brave soldier, defending the host from invasive micro-organisms or whether
it might be causing considerable harm to the host as the result of such an
encounter. With respect to the latter proposal activated neutrophils release
highly reactive reduced oxygen species capable not only of killing micro-

organisms but also causing significant injury to host cells.

The aim of this introduction is to discuss the origin and biological reactivity
of these reduced oxygen species, their role in bacterial killing and the
inflammatory response and finally their potential involvement in the

pathogenesis of connective tissue disease.



The Biochemistry of Oxygen

Molecular oxygen (dioxygen) is a major biological oxidant. However,
because of its unusual electronic structure it is unable to react directly
with most organic compounds (Naqui and Chance 1986). Therefore, an
activation step is usually required before dioxygen can function as a universal
electron acceptor (Lamb and Elder 1931). At a cellular level this often
involves complexation with or reduction by transition metals (Aust et al
1985). These, having unpaired electrons, make excellent catalysts of
oxygen reduction. In fact, the activities of many oxidase and oxygenase
enzymes are dependent on the transition metals associated with them. For
example, cytochrome oxidase, a mitochondrial enzyme that catalyses the
transfer of electrons from cytochrome C to oxygen (and in doing so regulates
the synthesis of chemical energy in the cell), contains at least four metal
atoms per functional unit (two copper and two iron). Reduced cytochrome
C (the oxidase's physiological substrate) transfers electrons to an iron-
copper (Fe-Cu) site on the enzyme which acts as an electron pool. The
electrons are then shunted to a second Fe-Cu site to which oxygen has
bound so reducing it to water (Naqui and Chance 1986). Partially reduced
products of oxygen are generated during the electron transfer process or
if electrons inadvertantly leak away from the active site of the enzyme.
The participation of these in a number of normal and pathological states

is becoming increasingly apparent (Cerutti 1985, McCord 1985).

The toxicity of oxygen has often been associated with the generation of
its one electron reduction pfoduct, superoxide (O") (Freeman and Crapo

1982, Halliwell and Gutteridge 1984).



eg M2+ 4+ O, > M3+ 4+ 0y (Just 1907)

The reactivity of superoxide is however critically dependent upon its
~ solvent. In aprotic conditions it is a more potent nucleophile and reducing
agent than in aqueous solution (Fee and Valentine 1977). For this reason
some investigators have dismissed the potential direct cytotoxicity of
superoxide despite the presence of micro-environments within the cell
which may be sufficiently aprotic to exploit its reactivity (eg cell and

organelle membranes) (Bielski et al 1983).

In aqueous environments superoxide is much less reactive and predominantly
undergoes dismutation to hydrogen peroxide (Hz05). Spontaneous
dismutation occurs most efficiently in acid conditions whilst the enzyme
catalysed dismutation (by superoxide dismutase) prevails at near neutral

pH (Fridovich 1983).

2H*

eg 2027 -------m----==3> H702 + O3 (George 1965)

Hydrogen peroxide is a powerful oxidant, yet like superoxide its direct
reaction with many organic compounds occurs very slowly. However, it
will react with transition elements (Fenton Reaction) to generate more

reactive oxidants, for example the hydroxyl radical (OH+)! (Posner 1953).



1. Fe2+ + Hy0, > Fe3* + OH+ OH (Posner 1953)

2. FeZ* 4 Hy0, > Fe OH3* 4+ OH-(Lamb 1931)

3. Fe OHJ+ > Fe 02+ 4 H*(George 1965)

The formation of the hydroxyl radical is favoured in aqueous solution but
ferryl ions (Fe OH>*, Fe O2+*) may well be generated in aprotic mediaZs3
(Walling 1982). In addition to its generation by Fenton type reactions
OH* may also be produced by the reduction of HyO7 with superoxide (or
other reducing agents). Transition elements allow this reaction to proceed

in a very rapid manner (Haber-Weiss rection) (Kurimura 1968).

eg Op~ + M3+ > M2+ 4+ 0y
H+
O2” + HO2. > 0Og + H09
Hy0p + M2+ > M3 4+ OH + OH -

Of particular note is the ability of glutathione and ascorbate to substitute
for Oz~ as reducing agents. These are present at far greater intracellular
concentrations than that estimated for O~ and may therefore be
physiologically more relevant. @ The nature of the physiological Haber-
Weiss catalyst remains a subject of considerable controversy and will be

discussed in detail in the next section.

Metal ions also facilitate the decomposition of hydrogen peroxide albeit at
a much slower rate than the Fenton reaction. The ferric ion component
of catalase promotes the two electron disproportionation of H702 to oxygen

and water (Roos et al 1980).

eg FeX* + Hy0, > Fe 03+ + Hy0



Fe O>* + Hp0, > Fe3* + Op + Hy0

Despite its lack of specificity (due to the generation of an Fe 03+ complex
which will also oxidase short chain alcohols and redox dyes) catalase is
routinely employed to probe H;07 involvement in biological oxidations

(Goto et al 1970).

The Biological Activity of Reactive Oxygen Species

It is generally believed that the cytotoxic effects of reactive oxygen
species lie in their ability to promote lipid peroxidation in cell and organelle
membranes (Weiss and LoBuglio 1982). Recent evidence, however, suggests
that they may also readily react with nucleic acids and proteins (Mello et

al 1984, Woolf et _al 1986).

The contribution of a particular species to cell injury has been investigated
in vitro using free radical generating systems and target cells (Weiss and
LoBuglio 1982) using inhibitors and free radical scavengers to confirm
the nature of the participating species. For example, the inhibitory
effect of superoxide dismutase indicates that Oj~ is in some way involved
but leaves open the possibility that its metabolites may also play a role
(McCord et_al 1980). Sensitivity to catalase proves a role for Hp02 or
more reactive species derived from it (Roos et al 1980). Involvement
of OH radicals is indicated by the inhibitory effects of ethanol, mannitol
and dimethylthiourea, whilst inhibition by tocopherol and carotenes
points to the formation of lipid peroxides and singlet oxygen respectively

(Flohe et al 1985).



The biological reactivity of cell derived oxidants have been partially
dissected in a number of models co-incubating phagocytic cells with target
cells in the presence of a suitable stimulant. However caution must be
‘taken in interpreting results from these studies because firstly, phagocytes
are often stimulated with agents that do not appear to have an in vivo
correlate. For example, phorbol myristate acetate (PMA), is often
employed by virtue of its ability to stimulate high levels of superoxide
and H707 at the cell surface (De Chatelet et al 1976). Cell stimulation
with PMA, however, leads to the release of specific but not azurophil
granule constituents and therefore the generation of oxidants (ie OH’
radicals) that may not occur during cell stimulation in vivo (Winterbourn
1986). Secondly: the effectiveness of inhibitors or radical scavengers is
dependent on their accessibility to the oxidant. In the system described
above the proximity between phagocyte and target cell may be sufficiently

close to prevent access to some inhibitors.

At a biochemical level oxidants readily interact with lipids, proteins and
nucleic acids. Until recently it has been the widely held view that, the
interaction between oxidants and membrane lipids underlie their cytotoxic
effects (Dixit et al 1982). The generation of lipid peroxides is the key
event in this destructive reaction and polyunsaturated fatty acids (PUFA)

appear to be the primary target (Bielski et al 1983).

Lipid peroxidation occurs in several distinct phases (Tappel and Dillard

1981).



1) The removal of a hydrogen atom (abstraction) and formation of a
lipid radical.
OH: + R = H  —mecmeccmcmmemeee HoO + R-
2) The reaction between oxygen and the newly formed lipid radical to
generate lipid peroxy radical.
R+ 02 e R - Oy
3) The reaction between lipid peroxy radicals and neighbouring proteins,
nucleic acids and lipids.
R =02+ R commmemmaacenee R* + R-OpH
In macromolecular terms the formation of lipid peroxides may alter the
structural integrity of the cell membrane leading to increased membrane
fluidity and an inability to maintain ion gradients (Mead 1976).
Alternatively, the generation of aldehydes as lipid peroxide breakdown
products can inhibit the activity of several important intracellular enzymes
including glucose-6-phosphatase, adenylate cyclase and cytochrome P450

(Tappel 1981).

In contrast to their reactivity with lipids less is known about the effects
of these oxidants upon other organic molecules and the consequences of
such interactions. Proteins have recently received attention as targets
for oxidative damage. Traditionally protein damage by free radicals has
been attributed to the generation of lipid peroxides (Hochstein and Jain
1981). However, recent studies have demonstrated that reactive oxygen
species can stimulate protein degradation by mechanisms independent of
lipid peroxidation (Davies and Goldberg 1987). This can occur through
two routes. Firstly by destabilising proteins through the formation of

unstable  carbon amino acid peroxides and secondly by enhancing enzymic



proteolysis.  Increased proteolysis may occur by the direct free radical
mediated activation of proteolytic enzymes or by increasing the proteins
susceptibility to them through structural modifications (Nagy and Floyd
1984, Davies et al 1987). All amino acids are vulnerable to oxidative
attack but tryptophan, histidine and cysteine are particularly susceptable
(Davies at al 1987). Oxidative modification of amino acids may lead to
changes in primary, secondary or tertiary protein structure (Davies and
Delsignore 1987) and thereby unveil regions recognised by intracellular

proteases.

The effects of oxygen derived free radicals upon nucleic acids and DNA
are well illustrated by the toxic effects of the anti tumour antibiotic
bleomycin (Burger et al 1981). Bleomycin interacts directly with DNA
in the presence of FeZ+ to form of Bleomycin-DNA-iron complex. In
the presence of oxygen the complex can act as a free radical generating
system by reducing oxygen to superoxide and HpO; to the hydroxyl radical.
These can initiate nucleic acid scission and DNA fragmentation (Sauville

et al 1978).

Neutrophil Activity and Inflammation

Inflammation is a protective and normal response to any stimulus that
threatens the wellbe.ing of the host. When initiated by a single finite
event the reaction i.s normally transient or self limiting, but should the
stimulus persist or>be self perpetuating, a sustained and potentially

destructive reaction may ensue.



The cardinal signs of inflammation, heat, redness, swelling and pain have
been recognised for over 2000 years and represent the complex
microvascular changes that accompany injury or infection (Williams 1985).
Reddening and heat are a consequence of increased regional blood flow
due to local vasodilation whilst an increase in vascular permeability,
secondary to the contraction of venular endothelial cells, leads to protein
extravasation and swelling (oedema) (Moyno an Palade 1961, Williams 1985).
Low molecular weight inflammatory mediators released from injured cells,
plasma enzyme cascades and circulating phagocytes contribute sequentially
to microvascular changes (Williams and Morley 1973, Hulstrom and Sveryo
1979, Mayno et _al 1981, Williams and Jose 1981, Wemore and Williams
1981). The ‘vasodilator responses to these mediators, can occur by a
direct action on vascular smooth muscle or indirectly by stimulating the
release of endothelium derived relaxing factors. Vasodilation can
contribute significantly to the extravasation of protein by increasing post
capillary hydrostatic pressure (Williams and Morely 1973, Furchgott 1981,

Davies and Williams 1984, Palmer et al 1987).

The vascular components of inflammation, serve to increase the supply of
oxygen, nutrients and circulating cells to the inflammatory focus.
Polymorphonuclear leukocytes, particularly neutrophils, are amongst the
first cells to arrive at the scene. They are consistent features of acute,
sub acute and some chronic forms of inflammation and constitute the
primary cellular defence against invasive micro-organisms (Wright 1981).
Neutrophils develop in the bone marrow from pluripotential stem cells
under the influence of a variety of cell derived factors (Queensbury and

Gibrone 1980, Bagby et al 1981). About half the cells leaving the bone



marrow remain in the circulation, the remainder form a marginating pool
and subsequently migrate to the extravascular spaces. Margination involves
the orientation of neutrophils along the lumenal lining of blood vessels.
In doing so they increase lamina blood flow and tend to adhere to
endothelium (Lentek et al 1976). Adherence is initially an energy requiring
process but it may be maintained passively (English and Cabig 1986).
Changes in both neutrophil and endothelial cell are probably required to
initiate the process. Stimulated neutrophils express antigenic glycoproteins
on their cell surface which may be important since antibodies directed
against these inhibit both adherence and adherence related functions
(Anderson et al 1985, Anderson et al 1986, Pham-Hull et al 1987, Lewinsohn,
et al 1987).Products from neutrophil specific granules (eg lactoferrin) have
been implicated in the adherence process (Oseas et al 1981, Babior et al
1981). Butcher et al have suggested that following degranulation at an
inflammatory centre the antigenic glycoproteins located in the specific
granules are translocated to the cell surface where they are able to

promote adherence.

Endothelial cells can mediate neutrophil adherence both non specifically
by releasing pro-adhesive factors like fibronectin and specifically through
the directed synthesis of interleukin-1 dependent binding sites and cell
associated platelet activating factor (Pearson er al 1979, Peters et al

1986, MciIntyre et al 1986, Butcher et al 1986).

The biochemical basis of adherence is uncertain but the formation of ionic
bonds seems likely in view of the alterations in net cell surface charge

that occur when agents stimulate the process (Gallin et al 1975).

10



Under electron microscopy the passage of neutrophils through endothelium
occurs by a non-destructive amoeboid process (Florey and Grant 1961).
At some point therefore adherence must be terminated and active
movement initiated. = The orientated locomotion of neutrophils requires
their exposure to a concentration gradient of a specific stimulus
- (chemotactic factor) (McCutchecn 1946). Cells undergoing chemotaxis
fixed by glutara;dehyde undertake a polarized morphology (Haston and
Shields 1985). This is thought to represent the longitudinal waves of
cytoplasmic contraction that accompany undirectional locomotion (Shields
and Haston 1985). During chemotaxis the neutrophils cellular recognition
units (receptors) are orientated towards the leading edge of the cell to
optimise the detection of chemo-attractant and ensure that the origin of
locomotion lies at the front of the cell. Unlike adherence, chemotaxis
requires intact microfilaments and microtubules (Malech er al 1977).
Agents that interfere with microtubules (eg Colchicine) prevent pseudopod
formation and inhibit directed migration in vitro. Whilst agents that
affect microfilaments (eg cytochalasin B) also abolish directed migration
but without effecting the orientation of intracellular structures (Malech

et al 1977).

The biochemical basis of chemotaxis has been investigated by several
groups (Taylor and Condeelis 1979, Grinstein et al 1986, Shaafi and Molski
1987). A common effect of chemotacic agents is to activate the
sodium/proton pump and thereby increase intracellular pH (pHi). Amiloride
and its derivatives inhibit cell alkalinisation and likewise neutrophil

chemotaxis in vitro (Taylor and Condeelis 1979). Changes in pHi may

11



therefore be important in reqgulating cytoskeletal organisation and hence

various aspects of cell motility.

Under the influence of chemotactic factors neutrophils emigrate from the
circulation into the extravascular spaces and towards the origin of
inflammation. Upon contact with the offending particle, pseudopodia are
extended to surround it and fuse at the distal side so that the particle
becomes enclosed within a phagosome (Stossel 1974). Although neutrophils
are able to engulf (phagocytose) seemingly inert particles (eg latex beads)
ingestion is markedly inhanced by two serum factors, the third component
of complement and immunoglobulin (C3b, IgG) (Wright and Douglas 1903).
These proteins coat (opsonise) the particle making it more palatable for
the neutrophil. Both C3b and immunoglobulin promote the maximal rate
of particle ingestion but only the immunoglobulin (IgG) increases the cells

affinity for the particle (Stossel 1973).

The phagososome consists of an inverted plasma membrane enclosing
cytoplasm. Unlike mononuclear phagocytes neutrophils are unable to
synthesize new plasma membrane and are therefore limited in the number
of particles they can engulf (Werb and Cohn 1972). As the phagosome
forms, primary (azurophil) and secondly granules (specific) which contain
proteolytic enzymes move rapidly towards it fuse, and then disappear from
the cytoplasm (hence degranulation) (Hirsch and Cohn 1960). The formation
of intact phagolysosomes is essential for the host to isolate the destructive
constituents within them. Under some circumstances, however,
extracellular discharge may occur. These include the suicide attack of

crystals and the attempted phagocytosis of tissue bound particles

12



(Frustrated phagocytosis). In these situations considerable extracellular

injury may well occur (Palmbad 1984).

Neutrophil-derived Oxidants

In addition to generating reactive oxygen species as byproducts of cellular
metabolism, phagocytic cells have evolved a unique superoxide generating
system for the specific killing of invasive micro-organisms (Babior 1977).
Activation of the enzyme responsible, a reduced pyridine (NADPH) oxidase,
is associated with the series of metabolic events that accompany
phagocytosis or stimulation with non particulate agents (De Chatelet 1978).
These include a marked increase in oxygen consumption, increased glucose
phosphate breakdown via the hexose monophosphate shunt and the
generation of superoxide and hydrogen peroxide (Baldridge and Gerald 1933,
Sbarra and Karnovsky 1959, Iyer et al 1961, Curnutte and Babior 1974).
NADPH oxidase which appears to be a transmembrane protein, catalyses
the transfer of an electron from the reduced pyridine nucleotide (NADPH)
to molecular oxygen so reducing it to superoxide (Iyer and Quastel 1963).
The supply of electrons by NADPH to the system is maintained when the
cytosolic ratio of NADP:NADPH is sufficiently high to stimulate the hexose

monophosphate shunt (Sbarra and Karnovsky 1959).

That the oxidase is associated with the cell membrane has been conclusively
demonstrated by several workers (Babior et al 1976, Goldstein et _al 1977,
Dewald et al 1979, Babior et al 1981). Of particular importance to their
conclusions was the ability to account for all extra oxygen consumed during

cell activation as superoxide in cytochalasin B paralysed neutrophils.

13



Cytochalasin B prevents phagocytosis and therefore accessibility of
superoxide to intracellular dismutase enzymes. Quantitative recovery of
02: would be unlikely if it were being released into the cytoplasm because
under these circumstances the superoxide dismutase enzymes of the
neutrophil would almost certainly destroy at least part of it before it

could diffuse out through the plasma membrane (Salin and McCord 1974)

The passage of electrons between NADPH and oxygen is mediated by a
multicomponent electron transport chain which includes a low potential
cytochrome and an FAD containing flavoprotein (Babior and Kipnes 1977,
Segal and Jones 1978). Activation of the enzyme probably involves a
phosphorylatioﬁ step prior to or at the level of the flavoprotein.  This
enables it to accept an electron from NADPH and subsequently transfer
it to the cytochrome which has a sufficiently low redox potential (-245
mV) to directly reduce oxygen to superoxide (Gabig et al 1981, Cunningham

et al 1982, Bellavite et al 1985, Hurst 1987) (Fig 1).

The importance of these electron transfer components in oxygen reduction
has been confirmed in studies on patients with x-linked chronic
granulomatous disease. Neutrophils from these patients lack or have an
abnormal b type cytochrome and are unable to mediate the oxidative

killing of bacteria (Segal et al 1978).

That phagocytes produce potentially toxic metabolites of oxygen was first
demonstrated when Iyer measured Hz0, in the medium surrounding
stimulated neutrophils (Iyer et al 1961). In addition to Hy02 it has been

predicted that neutrophils are able to produce more reactive species, for

14



example singlet oxygen (102) and the hydroxyl radical (OH"). Conclusive
demonstration of these species is imperative in view of their capacity to
initiate widespread tissue damage. However, their highly reactive nature

has hampered detection and their physiological relevance remains equivocal.

In principle OH’ radicals can be generated by the metal catalysed reduction
of HpoOp (Winterbourn 1979). Iron-binding proteins have received
considerable attention as putative physiological catalysts. Iron bound to
transferrin (the plasma iron transporter) is only poorly active at promoting
OH® production or lipid peroxidation (a functional assay for OH’). However,
at low pH the efficacy of transferrin as a Haber-Weiss catalyst increases
and may well be of relevance in the phagolysosomal environment
(Gutteridge et _al 1981, Subak and Sharpe 1981, Motohaski and Mori 1983).
Iron from ferritin, the intracellular iron storage protein is an effective
catalyst of OH' radical production (Blemond et al 1984). Free iron is
required and dissociation from the protein complex is achieved by a
superoxide dependent reductive mobilization or non specific damage by
peroxides (Biemond et al 1986). Another source of intracellular iron is
that bound lactoferrin. Lactoferrin is confined to the neutrophil specific
granule and therefore ideally situated for generating OH’ radicals within
the phagolysosome. It is however only about 25% iron saturated and a

relatively poor catalyst of OH® production (Sutton 1985).

15



Figure 1 THE ELECTRON TRANSPORT CHAIN OF NADPH OXIDASE

16



Thus far, all the biologically relevant extracellular iron chelates examined
have low efficiencies as Haber-Weiss catalysts. Furthermore in order for
a Haber-Weiss reaction to proceed it must compete favourably with other
reactions using Hp05. Many stimuli that induce superoxide production
also cause the release of lys;osomal myeloperoxidase (MPO) (Baggiolini and
Dewald 1984). MPO, a major constituent of the azurophil granule,
catalyses the halogenation of H;O, into potent bactericidal agents (eg
hypochlorous acid) and possesses catalase and peroxidase activity (Klebanoff
1982, Winterbourn et al 1985, Iwamoto et al 1987). By utilising available
H202, MPO could inhibit OH" radical formation in conditions where release

of azurophil constituents occurs (Winterbourn 1986).

The Bactericidal Activity of Neutrophils

Phagocytosed micro-organisms are killed by high concentrations of oxidants
generated locally within the phagosomal membrane and ultimately degraded
by proteolysis following lysosomal degranulation (Stossel 1974 and Babior
1978). lyer et al (1961) were first to propose that HOp constituted an
important bactericidal agent. Unlike O2%, H20, possesses intrinsic
antimicrobial activity, the potency of which can be enhanced dramatically
by myeloperoxidase (MPO) (Rosen and Klebanoff 1979). This haemoprotein
enzyme, (Bainton and Farquhar 1968) catalyses the halogenation of H2092
to hypohalous acids and in particular hypochlorous acid (Harrison and
Schultz 1976) (1). The cytotoxic activity of hypochlorous acid involves
oxidation and halogenation of microbial cell walls. Alternatively the

formation of chloramines can occur when hypochlorous acid reacts with

17



free amine groups (2) (Grimsham et al 1984). These long-acting metabolites
can oxidise sulphydryl groups and generate cytotoxic aldelydes (Fantone
and Ward 1985). MPO derived oxidants play an important but not essential
role in microbial killing.  Unlike patients, with chronic granulomatosus
disease, those with MPO defficiency do not suffer the constant possibility
of contracting life threatening infections (Salmon et al 1970). Bacterial
killing in MPO defficient patients is delayed but none the less complete
(Klebanoff and Hamon 1972). Thus, other oxygen dependent Kkilling
mechanisms are probably equally important as those dependent on MPO
Klebanoff (1982) has recently identified an antimicrobial system in which
Hy05 is reduced by Fe2+ to generate OH" radicals (3). In the presence
of iodide ions, hypoiodous acid and iodide radicals are formed that are

capable of iodinating target molecules with lethal effects.

MPO
H0, + CI” > OCI + HO (1)
O CI' + RNHp  ==-emmmmemeee > RNHCI + HO )
Hp02 + Y2 O — > Fe3+ + HO + HO® (3)
HO® + 1T eememmemccmmeeees > HO +T°
I' + H20 memmmememmeseee->  HOL + HO'

Intracellular and Extracellular Antioxidants

The intrinsic reactivity of superoxide and its metabolites constitutes a
great threat to cellular integrity. Much of the tissue damage attributed
to oxidants is thought to be mediated by OH- radicals, (Little and O'brien
1968) due to their ability to peroxidise membrane lipids and initiate lipid

peroxy radical chain reactions (Mead 1976).
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Iron is involved in various aspects of oxidative injury through its ability
to catalyse the Haber-Weiss reaction and by facilitating the decomposition
of lipid peroxides. Iron bound to extracellular transport proteins is a
poor catalyst for OH* production and under normal conditions free iron
levels are extremely low (Halliwell and Gutteridge 1986). For this reason
iron binding proteins can function as extracellular antioxidants by
preventing both the formation and propagation of active oxygen species

(Fantone and Ward 1985).

Additional extracellular protection from oxidants is afforded by
ceruloplasmin (Denko 1979).  This a5 globulin is produced by the liver
in response to injury or infection (acute phase response). Ceruloplasmin is
a putative copper transport protein though this function is hard to
demonstrate. However, it also exhibits powerful scavenging activity toward
OH+, '02 and 02~ (Goldstein et al 1978). In addition ceruloplasmin possess
ferroxidase activity and promotes the oxidation of Fe2*+ to Fe3*, This
depletes the availability of the redox-metal for Haber-Weiss reactions, and

enhances the breakdown of H,0; to water (Lystad 1981, Gutteridge 1983).

The presence of an intracellular mobile iron pool (iron bound to ferritin)
may be important in promoting oxidative damage. Intra-cellular anti-
oxidants are provided largely by specific enzyme systems which promote
the conversion of reactive oxidants to more inert species.  Superoxide
dismutases (SOD) catalyse the dismutation of Oy~ to Hy0O7 (McCord and
Fridovich 1969). Two forms of the enzyme are present in eucaryotes, a
copper-zinc SOD in the cytosol and a manganese form in mitochondria.

Catalase and glutathione peroxidase catalyse the breakdown of HoO, to
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water (Chance et al 1979, Roos et al 1980). The anti-oxidant activity
of glutathione peroxidase is coupled to the intracellular concentration of
glutathione, glutathione reductase and NADPH. Glutathione reductase
maintains the supply of reduced glutathione by catalysing the transfer of
electrons to it from NADPH. Glutathione peroxidase can then catalyse
the glutathione dependent reduction of H;O0, to water (Meister and
Anderson 1983). In contrast to glutathiocne peroxidase, catalase requires

no additional cofactors in order to convert H;O, to water.

Vitamin E (& tocopherol) represents an important cellular defence against
lipid peroxidation (Lucy 1972). It is located in biomembranes and has
the capacity to scavenge Op~, OH, 'O, and the peroxy lipid radical R
- 0°). The efficiency of vitamin E as a scavenger is partly dependent
upon the presence of ascorbic acid (vitamin C). Vitamin E. can accept
electrons from peroxy lipid radicals and subsequently transfer them to
vitamin C which in turn can transfer electrons to NADPH (see below)

(Palker et al 1979).

LIPID-OH VIT E° VIT C NADP*
X X Dl¢
LIPID-O° VIT E VIT C* NADPH

Reactive Oxygen Species and Cell Death

A delicate balance exists between the cellular systems that generate
oxidants and those that maintain antioxidant defence mechanisms. Should
the balance be in favour of the former, irreversible cellular injury and

death soon follow. The nature of the final cytotoxic insult is as yet
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unknown. Several workers have suggested that alterations in CaZ+
homeostasis may be important (Thor et al 1982, Orrenius 1985, Scherer
and Deamer 1986). Oxidative stress impairs the function of calcium
ATPase enzymes. This prevents the extrusion of intracellular calcium
and its uptake by mitochondria and sarcoplasmic reticulum. The increase
in cytosolic calcium that results activates protease, kinase and

phospholipase enzymes and causes cytoskeletal and membrane alterations.

That the process is reversible by dithiothreitol indicates that is is the
oxidation of thiol groups on the Ca*z ATPase enzyme that is the important
event (Ornius 1985). The maintenance of free intracellular thiol groups
is the responsibility of glutathione (Meister and Anderson 1983). During
periods of oxidative stress intracellular glutathione is depleted because its
conversion from oxidised (GSSG) to reduced (GSH) form by glutathione
reductase is slow (Thor et al 1982). The build up of oxidased glutathione
encourages the cell to actively secrete it thus depleting the total cellular
pool of reduced glutathione. It is this depletion that leads to increased
protein thiol oxidation and its consequences on calcium and cell homeostasis

(Ornius 1985).
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Reactive Oxygen Species as Inflammatory Modulators

Although neutrophil derived oxidants can provoke inflammation by direct
injury to bystander cells, they can also influence the course of an
inflammatory reaction in more subtle ways. A bidirectional c.ontrol of
chemotaxis by reactive oxygen species has recently been reported.
Superoxide contributes to the chemotactic activity of C5a and leukotriene
By (LTB4) and can interact with serum lipids to generate a factor with
specific chemotactic activity towards neutrophils (McCord 1980, Flohe et
al 1984). H702 and MPO derived oxidants on the other hand have been
implicated in the inactivation of chemotactic factors (Anderson and Jones
1982, Clarke 1982). H9O2 may also play a role in modulating levels of
LTB4. Patients with chronic granulomatous disease generate normal levels
of LTBy4 and LTCy4 compared to normal subjects and those with MPO
deficiency. However, levels remain elevated in the CGD patients whilst
falling rapidly in the other two groups. Thus, oxidative inactivation may
be an important mechanism for regulating the activity of leukotrienes

(Henderson and Klebanoff 1983).

An important effect of oxygen derived free radicals is their ability to
generate aggregates from monomeric IgG (Jasin 1983, Lunec 1984, Wickens
and Dormandy 1984). Aggregated IgG is a powerful stimulus for neutrophils
whilst the monomer is inactive (Goldstein et al 1975, Gale et al 1985).
By cross linking Fc receptors aggregated IgG can stimulate the release of
lysosomal enzyme, reactive oxygen species and lipid mediators (Frey et
al 1986). Extracellular release of lysosomal protease enzymes may cause
significant cellular injury (Henson 1971). Of relevance to this thesis is

the ability of certain neutrophil proteases to digest key structural elements
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of connective tissue and cause the detachment, increased permeability and
even lysis of vascular endothelial cells (Henson and Johnston 1987).
Elastase in particular has been implicated in neutrophil mediated injury
to endothelial cells in_vitro (Smedly et al 1986). Under normal
circumstances negligible elastase activity is detectable in serum. First,
because phagolysosome formation is an extremely efficient process and
lysosomal proteases are only released when neutrophils attempt to engulf
tissue bound particles or crystals (Henson 1971) and secondly because
circulating antiproteases bind and inactivate the proteases (Ohlsson 1978).
Under conditions of oxidative stress, circulating protease inhibitors are
inactivated by oxidative modification (Carp and Janoff 1979, 1980). The
absence of antiproteases in the extravascular compartment may facilitate
neutrophil migration, to the inflammatory focus, but within the blood
stream considerable microvascular injury may occur (Henson and Johnston

1987).

In spite of their ability to promote the release and activity of lysosomal
proteases recent reports suggest that oxidants can also inactivate lysosomal
enzymes (Vissers and Winterbourn 1987). Thus an extremely complex
relationship between the pro and potentially anti-inflammatory effect of
reactive oxygen species exists. The balance of effects may serve to

regulate or limit the spread of inflammation around the inflammatory focus.

Molecular Mechanisms of Neutrophil Activation

Neutrophil activation, be it chemotaxis, phagocytosis or oxidative

metabolism, requires the binding of appropriate stimuli (or ligands) to

23



specific membrane glycoproteins or receptors (Henson 1976). Neutrophils
express receptors for the complement components (C3b and C5a) (Kay et
al 1979) immunoglobulin (IgG, IgA) (Mantovani 1975, Henson 1976) bacterial
peptides (Schiffman et al 1975) and the products or arachidonic acid

metabolism (eg LTB,) (Goldman and Goetzel 1984).

The ligand-receptor interaction leads to the generation of intracellular
chemical signals (second messengers) which translate the binding signal
into functional cellular activity (Berridge 1981). The nature of each
chemical signal varies not only with the stimulus employed but probably
also with the ultimate response. Second messengers modulate cellular
activity by binding to and activating kinase enzymes. Through a subsequent
phosphorylation step these enzymes control the local apparatus regulating

a particular cell response (see Table 1) (Greengard 1978).

GTP binding proteins (G proteins) couple receptor glycoproteins to the
enzyme systems which generate second messengers (Rodbell 1980, Dohlman
et al 1987). G proteins have several common features: they possess three
subunits (X, B and){ ), a GTP binding site, and intrinsic GTPase activity
(Litosch 1987). Thus far the most studied receptor - 2nd messenger
- effector system is that which couples adrenergic receptors to adenylate
cyclase and cAMP production (Gilman 1984). Adenylate cyclase activity
may be regulated by ligands binding to By or X “ 2 recep’tors (Lefkowitz
and Hoffman 1981). By receptor stimulation results in the activation of
adenylate cyclase through a GTP binding protein (Gg). Gg, like other
proteins, contains X , B and b/ subunits. Ligands acting at B adrenergic

receptors stimulate the X subunit of Gg to bind GTP and then promote
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its subsequent release from the BY complex. The free O subunit
associates with and activates the catalytic site of adenylate cyclase thereby
stimulating a rise in intracellular cyclic adenosine monophosphate (cAMP)
(Northup et al 1983). The inherent GTPase activity of the « subunit
results iﬁ the loss of GTP from it, and its dissociation from the catalytic

site of the enzyme (thus terminating enzyme activity).

Adenylate cyclase activity is also under the control of ligands which
stimulate 9 receptors. These agents inhibit enzyme activity through
another G protein (Gi) (Neer et al 1984). Gi differs from Gg in that it can
be inactivated by pertussis toxin (Becker et al 1986). The ligand promoted
binding of GTP to Gi results in the release of BY units from the Gi
complex. These mop up the free & units generated by agents which
stimulate adenylate cyclase through Gg and thereby inhibit the activation

of the enzyme (Gilman 1984).

In the neutrophil a rise in intracellular cyclic AMP levels leads to the
inhibition of several aspects of cell activity ie cAMP is an inhibitory
second messenger (Ignarro et al 1976). Ligands which stimulate functional
neutrophil activity (eg FMLP and aggregated IgG) utilise diacylglycerol
(DAG) and calcium as second messengers (Cockroft et al 1981, Suzuki et
al 1985). Diacylglycerol levels are transiently raised following the ligand
stimulated activation of phosphatidylinositol specific phospholipase C (PLC)
(Hirasawa and Nishizuka 1985). That pertussus toxin can inhibit the
FMLP stimulated rise in DAG indicates that G proteins (similar to Gi)
may regqulate the activity of this enzyme (Bradford and Rubin 1985,

Cockroft and Gomperts 1985, Dickey et al 1987).

25



With regard to the activation of neutrophil NADPH oxidase and the
stimulation of superoxide production, the phosphorylation of a regulatory
component of the enzyme appears to be essential for its activity (Cross
and Jones 1986). Agents which stimulate a rise in DAG may well mediate
the phosphorylation step through protein kinase C (PKC) (Sharkey et al
1984). The role of PKC in neutrophil activation has been investigated
using a group of experimental stimuli, the phorbol esters (eg phorbol
myristate acetate - PMA). PMA, a potent stimulus of superoxide
production bypasses the cell surface to interact directly with the
cytoplasmic aporeceptor enzyme, PKC. In doing so the enzyme's affinity
for calcium ions is increased and its translocation from the cytosolic to
the membrane fraction facilitated (Niedel et al 1983). Here in the
presence of phosphatidylserine it becomes fully active and can
phosphorylate a variety of proteins. Alternatively, PKC can undergo
proteolysis to a calcium-and phospholipid-independent kinase (PKM) which
is subsequently released into the cytosol. The function of PKM is as

yet unknown (Mellonie et al 1986).

The target substrate for PKC has been investigated by comparing the
phosphorylated products of normal neutrophils stimulated with- PMA with
those from patients with chronic granulomatous disease (CGD) (Hayakawa
et al 1986). Of interest, was the discovery that CGD patients lacked
phosphorylated products in the 44-48 kD protein band. Furthermore
Okamura et al (1984) have demonstrated in partially purified enzyme
preparations a 46kD substrate for PKC: an important finding in the light

of the missing phosphorylated CGD proteins.
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Neutrophils stimulated with agents that raise DAG levels and activate
NADPH 6xidase (eg FMLP) demonstrate membrane phosphorylation patterns
similar to PMA: ie they appear to be acting through protein kinase C
(Schneider et al 1981, Oshtyzuka et al 1987).  Furthermore, synthetic
analogues of DAG are able to stimulate both NADPH oxidase and PKC
translocation in neutrophils. Therefore DAG appears to be the

physiological activator for PKC (Kikkawa et al 1983).

The importance of calcium ions (CaZ+) as a second messenger of cell

activation has been inferred from several observations.

1. Neutrophil stimulation with some ligands (eg FMLP and LTB,) results
in the mobilization of calcium from intracellular stores (White et al
1983, Naccache et al 1984).

2, Extracellular calcium can control the magnitude of a cellular response
to some ligands (Smolen et _al 1981).

3. Agents which mediate calcium influx are themselves stimulatory to

cells (eg calcium ionophore) (Goldstein et al 1974).

Smolen et al (1981) have examined the contribution of calcium to the
neutrophil oxidative response. Using the intracellular calcium antagonist
TMB-8 and an extracellular calcium chelator, (EGTA) he demonstrated
that although extracellular calcium was required to ilicit a full magnitude
repsoﬁse to sorﬁe stimuli, it was the mabilisation of intracellular calcium

that was pre-requisite for NADPH oxidase activity (Smolen et al 1981).
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When neutrophil stimulation is accompanied by the activation of PLC,
intracellular calcium mobilization is probably mediated by inositol 145
triphosphate (IP3) (Streb et al 1983).  IP3 is generated concomitantly
with DAG by the action of PLC on phosphatidylinositol biphosphate. Other
mechanisms may also be involved in raising intracellular CaZ+ levels. For
example, IgG (aggregated) increases intracellular calcium by cross linking
Fc receptors (Anderson et al 1986). Neutrophil stimulation by IgG is not
accompanied by the breakdown of phosphatidylinositol and therfore it is

unlikely that IP3 plays a role in calcium mobilization by this agent.

Agents which elevate intracellular calcium may activate NADPH oxidase
by a phosphorylation step involving calmodulin dependent kinase enzymes.
Certainly addition of calmodulin to preparations of NADPH oxidase
stimulates its enzymic activity and calmodulin inhibitors reduce the
oxidative response of neutrophils to soluble stimuli (Alobaidi and Jones
1982). FMLP and LTBy, can in theory increase intracellular calcium
through IP3.  Therefore they may be able to activate NADPH oxidase
by routes other than protein kinase C (ie through calmodulin). With
regard to this it is of special interest to find that oxidative responses to
FMLP are only poorly inhibited by selective PKC inhibitors (eg the
isoquinoline sulphonamides) (Gerrard et al 1987). Inhibitors of
phospholipase A (PLA) however can inhibit the oxidative response to
FMLP (and opsonized zymosan) (Smolen and Weissman 1980). PLA9g, a
calmodulin dependent enzyme cleaves arachidonic acid from membrane
phosphatidylcholine (Daque et al 1986). Although arachidonic acid itself
is able to stimulate NADPH oxidase in intact cells, its effects are again

susceptible to inhibitors of PLAj (Maridonneau and Tauber 1986). This
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indicates that activation of PLA, per se and not the products of its
catalytic activity may to be important in activating neutrophil NADPH
oxidase. How PLA, can achieve this remains a mystery but the changes
in membrane fluidity that accompany its activity may well be important
(Sakata et al 1987). Certainly the increased membrane fluidity brought
about by anionic detergeﬁts appear to be responsible for NADPH oxidase

activation by these agents (Cohen and Chovaniec 1978).
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Table 1

Signal transduction pathways in neutrophils stimulated by FMLP/adrenaline.
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Low Molecular Weight Lipid Mediators of Inflammation

The activation of phospholipase C (PLC) and subsequent breakdown of
phosphatidylinositol biphosphate (PIP3) is associated with the series of
intracellular events through which ligand-receptor interaction influences
cellular activity (Takenawa et al 1985, Hurst 1987). In addition to
activating PLC some ligands initiate phospholipid breakdown through a
phospholipase A (PLAj7) dependent pathway (Bormann et al 1984, Weissman
1987). PLAo, a calcium/calmodulin dependent enzyme, catalyses the
liberation of arachidonic acid from membrane phosphatidylcholine (Walsh
et al 1981, 1983; Engelberger 1984). The availability of free (unesterfied)
arachidonic acid has important implications for inflammation. Its oxidative
metabolism results in the generation of a series of potent inflammatory
mediators, the eicosanoids. In this repect two enzyme pathways are
important. The first, via cyclo-oxygenase leads to the generation of stable
prostaglandins (eg PGE, and F9), the unstable thromboxane A, (TXAj3) and

prostacyclin (PG1;) (Weissman 1983).

The prostaglandins are short lived molecules, being rapidly converted to
inactive metabolites. PGE, for example has a half life in the circulation
of about 30 seconds before being metabolised by oxidation to 15 keto
PGE,. Likewise, prostacyclin is converted to 6 keto PGF ¢ with an

almost complete loss of biological activity (Ferreira and Vane 1967).

Prostaglandins E, and Ip contribute to the microvascular changes in
inflammation. = They are vasodilators in their own right and potentiate
the vasodilation and increased vascular permeability produced by other

mediators (Wedmore and Williams 1981). Prostacyclin and thromboxane
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Ao are important regulators of platelet activation and may contribute to
inflammation by modulating the release of platelet derived products

(Robinson 1985).

Free arachidonic acid can also be oxidised by the lipoxygenase pathway
to mono and dihydroxyeicosatetraenocic acids (HETE'S). The 5
lipoxygenation of arachidonic acid to leukotriene A, (LTA,) and leukotriene
By (LTBg) is the major route of arachidonic acid metabolism in neutrophils
whilst monocytes predominantly form the thionylpeptide derivatives of
LTAy4 ie LTCq4 and LTDy (Scott et _al 1982, Godfrey et al 1987, Fitzharris

et al 1987).

The leukotrienes are undoubtedly important mediators of inflammation.
LTBg4 is a potent chemotactic agent towards neutrophils and monocytes
and may act synergistically with vasodilator prostaglandins to increase
vascular permeability (Ford-Hutchinson et al 1980). Furthermore LTBg
stimulates neutrophil chemotaxis enzyme release and superoxide production
(Smith 1987). The thionylpeptide derivatives of LTA, are powerful
arterioconstrictors but also promote plasma leakage at postcapillary venules
and stimulate the adhesion of vneutrophils to vascular endothelium (Dahlen

et al 1981, Mcintyre et al 1986).

The inhibition of eicosanoid synthesis forms a major rationale in the
treatment of inflammatory disorders. Corticosteroid drugs (eg
hydrocortisone) are probably the most effective therapeutic agents for the
treatment of chronic inflammatory states (Dannenberg 1979). Their

activity is partly dependent upon the directed synthesis, through the
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classical steroid pathway, of the antiphospholipase Ao protein lipocortin
(Hirata et al 1980, Blackwell et al 1980). The antiphospholipase activity
of lipocortin is regulated by its phosphorylation state. It is a substrate
for tyrosine and cAMP dependent (PKA) kinases and possibly protein kinase
C (Hirata et _al 1984, Pepinsky and Sinclair 1986). The phosphorylation
of lipocortin results in a loss of antiphospholipase activity and is associated
with an increase in arachidonic acid release (Hirata 1981). The mode of
inhibition by lipocortin probably involves a reversible binding to and
inactivation of the enzyme (Hirata 1981). Recently, however, it has been
proposed that the effects of lipocortin may also be the result of

sequestering the phospholipid substrate (Davidson et al 1987).

Human lipocortin has recently been cloned expressed and sequenced (Wallner
et al 1986). The gene was expressed in E-coli and resulted in the
generation of a 37kD protein with antiphospholipase activity (lipocortin 1).
The cloned product can be phosphorylated by PKA and tyrosine kinase
with loss of activity and appears to possess the full biological activity of

its physiologial counterpart (Wallner et al 1986).
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Figure 2 - PATHWAYS OF PHOSPHOLIPID  METABOLISM
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Systemic Sclerosis (SS)

Systemic sclerosis is a disease characterised by widespread tissue fibrosis
(Rodnan 1979). Although immunological abnormalities are present, their
role in the pathogenesis of the disease is less well understood than for
example in systemic lupus erythematosus. Recently, autoantibody profiles
have been employed in a clinical setting to characterise SS variants (Riboldi
et al 1985). The presence of antibodies to Scl 70 is a characteristic of
patients with diffuse skin fibrosis whilst the anticentromere antibody is
commonly found in patients with more limited skin involvement, and
particularly those patients with CREST syndrome (calcinosis, Raynaud's,
esophageal dysmotility, sclerodactyly and telangiectasia) (Tan et _al 1980,

McCarty et al 1983).

The most striking feature of SS is the often widespread hardening and
thickening of the skin (Rodnan 1979). The extent of skin involvement
may be limited to the extremities, especially the hand (sclerodactyly) or
have extended to the forearm (proximal scleroderma) or the whole trunk
(diffuse scleroderma). The abnormal fibrotic reaction in the skin is the
result of increased synthesis of subcutaneous connective tissue elements,
particularly collagen, on a background of reduced collagenase activity
(LeRoy 1972, Brady 1975). This fibrosis is usually accompanied by the
histological signs of inflammation, ie mononuclear leukocyte and plasma
cell infiltration (D'angelo et _al 1969, Jimerez 1983). Their proximity to
the fibroblasts in SS skin lesions suggests that they may requlate collagen

production. Indeed, factors released from normal stimulated mononuclear
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cells (especially T-cells) inhibit collagen synthesis by normal and

scleroderma fibroblasts in vitro (McArthur er al 1982, Jumenez 1983).

Intimal fibrosis of the arterioles and small arteries are the hallmark of
the histopathology of SS and may constitute the primary lesion (Rodnan et
al 1980). Evidence of microvascular abnormalities are considerable.
Clinically, non pitting oedema, telangiectatic blood vessels and the
prevalence of Raynaud's phenomenon (intense peripheral vasospasm in
response to exogenous stimuli) are indicative of microvascular involvement
(Ruggieri and LeRoy 1986).  Histologically, intimal proliferation of the
small arteries and arterioles are apparent with the loss of true endothelium
and its replacement with cells derived from smooth muscle. Lumenal
narrowing and occlusion follow with the degeneration of associated

capillaries (Sinclair et al 1976, Kahaleh et al 1979).

Platelet abnormalities have been described which may be relevant to the
development of fibrosis. Increased levels of platelet products (eg B
thromboglobulin) and circulating aggregates indicate platelet activation
(Kahaleh et _al). Activated platelets release growth factors capable of
stimulating fibroblast proliferation and therefore increased collagen
synthesis (Castar et _al 1979). Exposure to sub-endothelial collagen is a
major stimulus for platelet activation (Baumgartner 1973). This can only
occur following endothelial cell damage and leaves open the question as
to what causes the initial lesion to endothelial cells? An exciting discovery
by Kahaleh and others was that SS serum contained a factor cytotoxic to
endothelial cells (Kahaleh et al 1979, Cohen et _al 1983). Analysis of

the toxin revealed that it was an oxidised lipoprotein and that its
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development was dependent upon pre-exposure to oxidants in vivo (Blake
et _al 1984). In view of this it is of special interest that the toxicity
of bleomycin (an antitumour antibiotic) can manifest itself in a scleroderma-
like syndrome (Finch et al 1980, Moseley et al 1986). Bleomycin associate
with free iron and in the presence of oxygen forms a free radical generation
system capable of initiating lipid peroxidation (Kameda et al 1979, Lin et

al 1980).

Neutrophils represent a major source of extracellular oxidants. Several
workers have reported enhanced oxidative metabolism by these cells in
scleroderma (Kovacs et al 1986, Czijak et al 1987, Maslen et al 1987).
It may well be that neutrophil derived oxidants are responsible for damage
to endothelial cells either directly, or indirectly through the generation

of cytotoxic factors.
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Systemic Lupus Erythematos us (SLE)

SLE, like scleroderma is a connective tissue disease in which vascular
injury is common. The hallmark of SLE, however, are the gross and
varied immunological abnormalities (Schur 1985). Autoantibodies figure
prominently and have recently been employed in a clinical setting to
determine the likely course of the disease. For example anti-DNA
antibodies are commonly associated with nephritis and a poor prognosis
whilst anti-uRNP antibodies present with patients having Raynauds

Phenomenon and a milder course (Schur 1985).

Much of the vascular damage in SLE is thought to result from immune
complex (IC) deposition (Miescher et al 1976). The formation of IC by
union of antigen and antibody represents a normal physiological process
designed to eliminate microbial antigens (Lakha 1978). The presence of
persistent or self-perpetuating antigens can lead to an elevation of
circulating immune complexes. Large complexes are cleared by the
kupffer cells of the liver whilst smaller ones are excreted by the kidneys
(Lambert and Casali 1978). Intermediate size complexes tend to localize
in the glomerulus and vascular endothelium (Kuffler et al 1987). Here,
complexes involving IgM and IgG antibodies activate the classical
complement pathway by binding the humoral receptor CI (Lloyd and Schur
1981). Complement activation leads to the generation of C5a and C3b
(Hugli and Muller-Eberhaard 1978). C5a, a potent chemotactic agent
enhances the accumulation of neutrophils to the site of IC deposition
whilst C3b which remains associated with the IC binds to and fixes
neutrophils via specific surface receptors. Surface binding of particulate

IC to neutrophils induces a profound change in the metabolic activity of
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these cells and the generation of cytotoxic reduced oxygen species. Bound
IC are also able to stimulate the active extrusion of lysosomal enzymes
(Turner et al 1977). In an elegant series of experiments Weissmann has
produced evidence to suggest that hydrophobic sites on the Fc¢ portion of
aggregated immunoglobin are the sites of engagment with the cell
membrane which result in neutrophil activation (Weissman 1979). The
importance of neutrophils as mediators of vascular injury has been
confirmed in experiment models of IC disease (eg Arthus phenomenon).
Animals depleted of neutrophils still form IC on exposure to antigens but

not the associated inflammatory response (McClusky et al 1978).
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CHAPTER 2

Materials and Methods

Equipment
MSE Mistral centrifuge.

Labalux 12 Microscope.

Dynatech Automated Micro ELISA Reader.

Packard Tri-Carb scintillation counter 3255.

LKB UVicord 8300 uv monitor
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Supplier
MSE Scientific

Instruments, Sussex, Great

Britain.

E Leitz LTD, Luton, Great

Britain.

Dynatech Instruments,

California, USA.
United Technologies,
Parkard, Berkshire, Great

Britain.

LKB Uppsala, Sweden.



Materials
All culture reagents and disposable tissue

culture plastics.
All fine reagents except where stated

otherwise.

Percoll.

Optiphase Safe Liquid Scintillation Fluid.

ZK 36374 (lloprost).

14c Arachidonic Acid (50 u Ci/mi).

Factor VIII Rag rabbit anti-human antiserum

and Factor VIII Rag peroxidase congugate
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Gibco Bio-cult LTD

Paisley, Scotland.

Sigma Chemical
Company, Poole,

Dorset, England.

Pharmacia. Milton
Keynes, Bucks,

England.

LKB, Loughborough,

England.

Scheering AG,
Cologne, West

Germany.

Amersham, 4Aylesbury,

Bucks.

Dako LTD, High

Wycomb, Bucks.



Cell Separation Reagents

1.

2.

4.

5.

Dextran Solution

Dextran (M wt 500,000)

PBSG : to

Percoll Solution (iso-osmotic)

Stock percoll

PBS (10 x strength)

Percoll Solution (1.083 g/l)

Iso-osmotic percoll
PBSG (single strength)

Adjusted to 1.083 g/l with hydrometer

Red Cell Lysis Buffer

Ammonium chloride

Distilled water to

Phosphate Buffered Saline + glucose (PBSG)

PBS tablets (oxoid)
Glucose

Distilled H0 to
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69
100 mls

90 ml

10 ml

65 ml

35 ml

0.83 g

100 ml

10
l6 g
11



Reagents for Superoxide/Hydrogen Peroxide Assay

1. Phenol Red Buffer Supplemented with Horseradish Peroxidase (PRSB

- HRPO)

Phenol red ' 0.020 g
Horseradish peroxidase (200 u/mg type 2) 0.0056 g
PBSG to 100 ml

2. Cytochrome C Buffer

Cytochrome C (horse heart type 3) 0.197 g

PBSG to 100 ml

Myeloperoxidase Assay

1. Citric Acid Buffer (0.1M)

Citric acid 2101 g

Distilled water to 100 mils

2. Phosphate Buffer

Sodium biphosphate (Nap HPO,4 12H,0) 3.58 g

Distilled water to 100 mls

3. Citrate Phosphate Buffer

Citric acid buffer 50 mls
Phosphate buffer 50 mis
pH to 5.5 by titration then supplement with

triton x:100 0.05%

Hydrogen peroxide (30%) 10 ul
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